Abstract: Nano size Mn 0.4 Zn 0.6 Sm x Fe 2-x O 4 (x = 0.00, 0.01, 0.02, 0.03, 0.04, and 0.05) ferrites were prepared by solution combustion method. The structural and magnetic properties of samples were characterised by X-ray diffractometer, Fourier transform infrared spectrometer, transmission electron micrographs and magnetic properties at room temperature. The X-ray diffraction patterns and two prominent absorption bands in the frequency range 375-589 cm -1 confirmed the single phase with spinel cubic structure. The average nano crystallite sizes were in best agreements with transmission electron microscope images. Magnetic studies revealed the narrow hysteresis loops of ferrimagnetic nature at room temperature. The values of saturation magnetization (M s ), remanence magnetization (M r ), coercivity (H c ), remanence ratio (M r /M s ), magneton number, anisotropy constant and Yaffet-Kittle angle decreased with the increase in Sm 3? ion concentration was attributed to relative number of ferric ions on the tetrahedral sites diminished and reduced the Sm-Fe interaction.
Introduction
In recent years, nanoferrites have attracted much attention due to their technological applications as microwave devices, high speed digital tapes and disk recording, ferrofluids, magnetic refrigeration systems, biosensors, recording colour imaging, imaging drug delivery and hyperthermia for tumor therapy [1, 2] . The high-permeability and low-power losses at megahertz frequency can be achieved using nanocrystalline ferrites in place of micro-magnetic ferrites [3] . Mn-Zn nanoferrites have excellent properties, particularly their high initial permeability, high saturation magnetization, high resistivity and low power loss [4] [5] [6] [7] . Nanosized Mn-Zn ferrites are extensively used as inductors, transformers cores, rod antennas, loading coils, deflection yokes, choke coils, noise filters, recording heading, magnetic amplifiers and electromagnetic interference devices (EMI) etc. Moreover, these ferrites are very important in biomedicine as magnetic carriers for bioseperation, enzymes and proteins immobilization, magnetic resonance imaging (MRI), sensing as well as therapeutic applications such as ac and ac magnetic fieldassisted cancer therapy [8] [9] [10] . The most significant properties in the nano-region depend on the shape, size, crystallinity and occupation of the nano-particle [11] .
The rare earth substituted ferrites are nowadays under extensive investigations and are becoming promising materials for various applications. Studies on rare earth ferrites have shown that they are more effective for the relief of acute and chronic pain or discomfort due to the various injuries and ailments [12] . It is well known that the rare earth ions have unpaired 4f electrons screened by 5s and 5p orbital and are almost not affected by the potential field of surroundings ions. The substitution of rare earth ions into spinel ferrites results in occurring of 4f-3d couplings which determine the magneto crystalline anisotropy in ferrites and can also improve the electrical and magnetic properties of spinel ferrites [13] .
Nanosized Mn-Zn ferrites are synthesized by several methods, such as solid state reaction [14] , chemical coprecipitation [15] , hydrothermal synthesis [16, 17] , solgel combustion [18, 19] , spray pyrolysis methods [20] , citrate precursor [21] etc. However, most of these methods are economically unfeasible for large scale production of ferrites. Therefore, in the present investigation, the combustion reaction synthesis has been used successfully to obtain nanosized particles. This method has several advantages due to its simplicity, short reaction time and inexpensive nature, allowing for the production of fine, homogeneous crystalline powders without the risk of contamination, lower consumption of energy and elimination of intermediary calcinations stages during synthesis [22] . In the present investigation, the effect of Sm 3? ions on structural and magnetic properties of Mn-Zn nanoferrites prepared by combustion method is reported. )] as fuels. The stiochiometric compositions of metal nitrates and fuels were evaluated based on the total oxidizing and reducing valences of the component. The oxidizer to fuel ratio was taken as 1: (60:40). All the metal nitrates and fuels were diluted with 30 ml double distilled water and thoroughly mixed using magnetic stirrer with the speed of 800 rpm for 1 h until the reactants were dissolved completely to get homogenous solution. This homogeneous solution containing redox mixture was taken in a Pyrex dish and kept in a pre heated muffle furnace maintained at 450 ± 10°C. Initially, the solution boiled, then frothed and ignited to yield fine powder of Sm 3? co-substituted Mn-Zn rapidly because these were exothermic. The whole combustion process was complete in \20 min, whereas the reaction time of the actual ignition was \5 s. The samples were pressed into pellets by applying the pressure of 5-ton/cm 2 for 5 min. The pellets were sintered at 1000°C for 8 h and furnace cooled to room temperature. The X-ray diffraction (XRD) patterns were obtained at room temperature on Philips make PW-3710 X-ray powder diffractometer in the range of 20-80 with CuK a radiation (k = 0.154056 nm). The crystallite size was calculated by Debye-Scherrer method, given by Eq. (1) below. The IR absorption spectra of powdered samples were recorded in the range of 350-800 cm -1 on Perkin-Elmer FT-IR spectrum one spectrometer using KBr pellet technique. The distance between magnetic ions and hopping lengths in octahedral sites and tetrahedral sites were calculated by using Eq. (2) [23] 
Experimental details
and
The magnetization measurement was carried out in vibrating sample magnetometer (VSM) mounted on an electromagnet with a bipolar source of maximum applied field of 1.5 T at room temperature. The Remanence ratio (S), Magneton number (g B ), Anisotropy constant (K), and Y-K angle of the samples with different Sm 3? concentration is calculated using Eqs. (3)- (6) [24, 25] .
3. Results and discussion 3? ions. This confirms the occupancy of samarium on octahedral site [26] . The particles size of the powder samples estimated from the full width at half maxima of pattern (FWHM) of their (311) XRD planes by employing Debye-Scherrer relation [27] . The average paricle size of the samples is in the range of 10-27 nm.
Infrared spectra of the samples for different compositions are shown in Fig. 2 . Infrared spectra of the samples show two prominent absorption bands, m 1 near 600 cm -1 attributed to tetrahedral complexes and m 2 around 400 cm -1 assigned to octahedral complexes. The positions of the absorption bands are listed in Table 1 . The difference in frequencies between m 1 and m 2 is due to changes in bond length (Fe 3? -O 2-) at tetrahedral and octahedral sites [28] . The slight change in band position, particularly in m 1 and m 2 suggests that the method of preparation, grain size and porosity can influence in locating the band position [29] . It can be seen that the absorption band m 1 does not show any splitting or shoulders and hence the possibility of Fe 2? ions at A-sites is ruled out [30] . On substitution of Sm 3? ion content, m 1 continues to be widen is attributed to atomic mass and volume of the dopant, which affects Fe-O distances on octahedral sites, suggesting that Sm 3? ions occupy octahedral lattice sites [31] . The shift occurs in absorption bands m 1 and m 2 for each octahedral and tetrahedral site due to the perturbation occurring in the Fe 3? -O 2-bond by introducing Sm 3? ions [31] .
The TEM micrographs of samples with Sm 3? content (x = 0.03 and 0.05) annealed at 350°C are shown in Fig. 3 . It is clear that the particles are spherical in shape and are agglomerated. This agglomeration can be attributed to magnetic interaction arising among ferrite nano-particles. The particle size (D T ) calculated from TEM, is larger than crystal size estimated by XRD, indicating that majority of particles in samples are multi-crystal particles. The addition of Sm 3? ions reduces the grain growth probably due to deposition of Sm 3? on the grain boundaries which in turn hampers its motion [32] . Figure 4 shows the magnetic hysteresis curves for different compositions of the samples at room temperature very narrow hysteresis loops, reveal the behaviour of soft magnetic material. From the Table 2 Effect of Sm 3? substitution on structural and magnetic investigationthe A and B sub-lattice magnetic moments in l B [33] . The existence of random canting of particle surface spins, surface effects and the occurrence of a glassy state have been reported to play an active role in the decline of magnetization values [34] . The magnetic moment decreases significantly in Sm 3? substituted samples which is attributed to small free ion of magnetic moment of Sm 3? , n B = 1.58l B [35] as against for Fe 3? ; n B = 5l B at room temperature [36, 37] . The substituted Sm 3? ion with 4f and 5p electrons, occupies on octahedral site and hence Sm-Fe interaction is weaker than Fe-Fe interaction. This dilutes the interaction in octahedral site and decreases the Curie temperature.
In ferrites, the coercive force is obtained by reversal of the directions of the wall movement and that of domain rotation on reversing the direction of the applied magnetic field. Generally, the effective pinning for domain wall causes the coercivity; it is known that the larger grain size decreases H C [38] . In the present investigation, the coercive values are low; hence probability of domain rotation is also lower. The materials with larger grain size have been used to achieve lower core loss [38] .
In the present work, the Y-K angles decrease with the increase in Sm 3? ion concentration. The decrease in the Y-K angles suggests a decrease of triangular spin arrangements on B sites to produce the increment in A-B interaction. The effect of B-B interaction can be masked by strong A-B interaction to cause the spin on B sites to be aligned parallel to each other. However, the substitution of Sm 3? seems to lead to canted type of arrangements on B sites to enhance the A-B interactions. Therefore, Sm 3? substitution brings changes in magnetization, which can be attributed to the presence of Y-K angles in the spin system on B sites. The condition for Y-K angles has been discussed from the consideration of the molecular field approximation using a noncolinear three sub-lattice model [39, 40] .
Conclusions
Samarium substituted MnZn nanoferrites have been prepared by combustion method. XRD analysis reveals that all the prepared samples are single phase cubic spinel without any secondary phase. Increase in lattice constant value with samarium doping indicates the expansion of unit cell. The 
